INTRODUCTION
ABERRANT segregation of the marker genes H, T and S in the raspberry has been attributed to linkage with three semi-lethal genes designated Wh, WI and Ws respectively (Jennings, 1967) . Gene S determines the presence or absence of cotyledonary glands, so its segregation can be studied in large progenies at the earliest possible stage after germination. The results of such a study suggested that in some crosses aberrant segregation occurred because either gene Ws or gene S itself affected seed dormancy through effects on endosperm development, while in others it occurred through effects on competition between pollen tubes of alternative genotype. This paper assesses the evidence for this hypothesis and discusses its implications.
MATERIALS AND METHODS
The parents of the progenies studied include the cultivar Burnetholm, No. 3B45 from the cross Burnetholm x Malling Jewel, Nos. S29/1 1, S29/9 1 and S29/97 from the self of 3B45, AR1 from the self of Burnetholm and 511/12 from the cross Lloyd GeorgexARl. Burnetholm, 3B45, S29/ll, S29/91 and 511/12 are heterozygous for gene S, and S29/97 and ARI are homozygous recessive. There were four series of crosses which were as follows:
1. A 5 x 5 diallel made in 1964 and known as diallel 1, involving the parents Burnetholm, 3B45, 511/12, S29/97 and ARI. Crosses were made in the field and auxin (50 p.p.m. of equal parts betanaphthoxyacetic acid and parachlorophenoxyacetic acid) was applied 7 days after pollination to alternate fruits of the fruiting laterals. The seed was sown in pots in November 1965 and kept in an unheated glasshouse. Seedling emergence commenced in March 1965 and segregation was recorded until emergence ceased in May. Twenty-one of the 25 possible parent combinations gave families segregating for gene S and a total of 13,809 seedling were classified.
2. Material from a similar diallel made in 1965 and known as diallel 2. It was handled in exactly the same way except that the crosses were made in an unheated glasshouse. Only three of the parents (Burnetholm, 511 /12 and AR I) gave progenies segregating gene S and 4037 seedlings were classified from six of the nine segregating families.
3. Six crosses made in 1963 in which Burnetholm and 3B45 were the seed parents and S29/1 1, S29/9l and S29/97 the pollen parents, giving a total of 3093 seedlings.
4. Three experiments to study the effects of pollen dilution, two of which have already been described (Jennings and Topham, 1971) . Pollen was diluted to 50 per cent. or 75 per cent, by weight with talc and pollinations were then done as uniformly as possible, applying similar quantities of mixture or undiluted pollen to the stigmas.
For the diallels, variations in pyrene set, seed structure and seedling emergence have already been described, together with the methods used for measuring them (Jennings, 1971 a, b, c; Jennings and Topham, 1971) . The data from the diallels were analysed by fitting constants to quantitative data on the percentage of recessives obtained. The model used was:
where u is the mean,f, m and a are respectively the main effects of the female and male parents and the main effect of auxin, and the other effects are first-order interactions between these factors. The data were transformed to logits to base e and the constants fitted by the method of maximum likelihood, using an iterative procedure. By this method each constant has its own standard error obtained by the variance/covariance matrix.
RESULTS

Segregation
The results for segregation of gene S in diallels 1 and 2 are given in table 1 and analyses of the factors determining it are given in table 2. These show that the largest deviations from expected segregation ratios were associated with paternal effects, use of Burnetholm pollen giving a deficiency of recessives in both diallels and use of 3B45 and 51 1/12 pollen giving excesses in diallel 1. In diallel 1 there were no significant paternal effects for the two pollen parents homozygous for gene s, but in diallel 2 pollination with ARI (ss) gave significant deficiencies of recessives. There was a deficiency of recessives due to the maternal effect of AR I in diallel 1, while the deficiency due to the maternal effect of 511/12 in both diallels was small but significant. Eight of the maternal x paternal interactions were also significant in diallel 1, but none were significant in diallel 2.
The main effect of auxin on segregation was not significant, but there were significant interactions between both maternal and paternal effects and auxin, even though the auxin was not applied until 7 days after pollination.
Seed dormancy
In diallel 1, S phenotypes tended to emerge later than s phenotypes (table 1) , giving an average delay of 6 14 per cent. Indeed, late emerging S seedlings so often reduced the departure from the expected ratio that more good fits may have been obtained if emergence had proceeded beyond the low average value of 36 per cent. Possibly heterozygotes tended to emerge earlier than homozygous dominants, because the emergence time of the dominant forms was on average 822 per cent, later than that of the recessives in the nine families which segregated both homozygous and heterozygous dominants, and only 525 per cent. longer in the twelve which segregated only heterozygous dominants. This differences was not significant, however. A different result was obtained where Burnetholm was the pollen parent; recessive forms were deficient in these families, even when they tended to emerge earlier. Prolonged dormancy was associated with large endosperm size in this diallel (Jennings, 1971 e) , so except for these Burnethoim families the results would be explained if the S forms had larger endosperms. In diallel 2, the six families whose segregation was recorded did not show a significant difference in the emergence time of the two forms. However, in this diallel there was no evidence that seedling emergence was limited by dormancy factors attributable to the endosperm (Jennings, 1971 c) .
No effects of the pollen parents on endosperm size were detected in diallel 1, but there was evidence of such effects in six closely related families obtained by crossing Burnetholm and 3B45 with the three sibling plants S29/1 1, S29/91 and S29/97. In these families dominant forms were in excess among the early emerging seedlings but recessives were in excess by the time emergence ended, with the largest deviations in the families related to S29/ll and the smallest in those related to S29/97 (Fig. 1) . Data from seed dissections (table 3) show that for 3B45 seeds the endosperm was pro gressively smaller following pollination by S29/l I, S29/9l and S29/97, and that a parallel result for the Burnethoim series is precluded only by the high value of the cross with S29J97. However, since endosperm size is estimated by subtracting embryo size from seed size it may have been overestimated in this cross where embryo size was smaller than usual for the seed parent. If this were the case the dissimilarity would be removed and both series would show the strongest selection against gene S where the pollen induced the largest endosperm size. It was suggested above that the gene itself promotes the development of large eridosperms, so the result suggests stronger selection against the gene when other genetic factors are also acting to achieve this.
Pollen dilution
Further information on the pollen's role was sought in experiments where pollen was diluted with talc. In these experiments neither undiluted nor diluted pollen of 511 /12 induced significant deviations from the expected ratios, but Burnetholm pollen gave large deficiencies of recessives which were progressively reduced by dilution (table 4) . This results suggests that S pollen tubes derived from Burnetholm were more competitive in the style than s pollen tubes, which were consequently more successful when competition was reduced by pollen dilution. Pollen dilution had considerable effects on seed development in the 1968 crosses of this series (Jennings and Topham, 1971 ), but neither pollen dilution nor gene S affected the time of seedling emergence. Pollen dilution improved the total number of seeds emerging by 15 to 20 per cent, but the difference was not statistically significant.
Drscussio
Except where Burnetholm was the pollen parent, most of the evidence shows that aberrant segregation of gene S was due to post-fertilisation effects which had different consequences for the viability and emergence of the alternative genotypes. Different factors affected fruit development and seedling emergence in the two diallel crosses, interactions between the parental effects having considerable influence in diallel 1 but not in diallel 2 (Jennings, 1971 a, b, c) . The difference between the diallels in the relative importance of these interactions for determining the segregation of gene S was probably a consequence of this.
A clue to the problem of how the pollen influenced segregation through effects on post-fertilisation development is possibly provided by the evidence of its effect on endosperm size. Histological work on this material showed that variation in early seed development depended upon maternal factors interacting with the pollen, and that slow early development was associated with the attainment of large seed size (Jennings and Topham, unpublished) . Since much of the present evidence indicates that S phenotypes had relatively large endosperms, it would appear that either S pollen had less power to stimulate early development than s pollen, or that S embryo sacs were less responsive to this early stimulation. Whatever the reason, if S forms were weaker in their early development they would tend to set less seed, to develop larger endosperms and endocarps and consequently to emerge later or not at all. Auxin was found to reduce the maternal and maternal interaction effect on seed development, which might explain why it interacted with some of the paternal effects to reduce the deficiencies of S forms. This would also explain why auxin influenced the maternal effects of AR1 and 511/12 on segregation, though the fact that it had opposite effects on these two seed parents also needs explaining. There is evidence that the endosperms ofARl and 511/12 differ in growth substance concentration, which must be optimal for good fruit development (Jennings, 1971 b) , so the different responses may be a consequence of this, especially if gene S is in some way involved in determining this difference.
A different explanation is required for Burnetholm pollen. If there were no other differences, the fact that the dominant rather than the recessive form was favoured could be explained by a difference in linkage between gene S and a lethal. But Burnethoim was also different in providing evidence of effects due to pollen competition, and in failing to provide clear evidence of post-fertilisation effects or of any other effects attributable to maternal factors. Possible explanations are that the two alleles of a linked semi-lethal present in Burnethoim differ more strongly in their effects on the pollen's competitive ability than those present in the other parents studied, that the linked gene postuluted to affect pollen-tube growth in Burnethoim is not the same as the one postulated for the other parents, or that there are unique interactions between genes governing pollen effects in this variety.
The results for the six 1963 crosses with Burnetholm and 3B45 can be explained by postulating that some of the dominant homozygotes (SS) failed to emerge, possibly because gene S increased their endosperm size, and that the consequences of this were smaller for the seed parent 3B45, which had a larger average endosperm size than Burnethoirn. Heterozygotes must have emerged earlier than recessives to give the results with pollen of S29/97 (ss), and this is a likely explanation for the excess of dominants among the early seedlings to emerge in the other families. Heterozygotes were also in excess of recessives in the progenies of S29/97 and AR 1, the homozygous recessive parents used in diallel 1. In this diallel, seedling emergence was low and probably limited predominantly to heterozygous and recessive forms, with homozygous dominants most frequently deficient. Indeed, segregation in most of the families studied, particularly in the six 1963 families, would be explained if the optimum level of activity for gene S or one linked to it was somewhere between that induced by the heterozygote and that induced by the homozygous recessive, so that the order of germination was either Ss-÷ss-÷SS or Ss-÷ss, with the extent of the deficiencies occurring in the last class or classes depending on the time when emergence ceased.
A gene allelic to gene S occurs in tetraploid blackberries and also affects the time of germination (Haskell, 1955) . The stage at which first-year germination ceases could therefore explain variation in the ratios obtained (Jennings et aL, 1967) : for example, a situation with heterozygotes at an advantage but with recessives slightly superior to domiriants would tend to give a germination sequence of SSss-÷(Sssss + SSSs) -÷ssss--SSSS. Deficiency of recessives would then occur if low emergence percentages tended to exclude the last two classes and deficiency of dominants would occur if only one class was affected. It is interesting to consider the kind of control operating for gene S from an evolutionary point of view. Keep (1968) has found that wild raspberries are self-incompatible, but that self-fertile forms have been selected because monocultures of single genotypes are required for domestication. The factors affecting pollen function in Burnetholm could therefore be relics of an incompatibility system, or they could illustrate the kind of resistance to inbreeding commonly found when a self-incompatible species becomes selfcompatible during domestication (Rowlands, 1964) .
5. SUMMARY 1. Causes of aberrant segregation of gene S in the raspberry were investigated in several series of crosses, in two of which auxin was applied to alternate fruits 7 days after pollination.
2. Pollen parents usually had more influence on segregation than seed parents, but the aberrant segregation was probably due to post-fertilisation effects.
3. There was a difference in the seedling emergence time of the alternative phenotypes and failure to emerge probably caused aberrant segregation in some crosses. Variation in seed dormancy was correlated with variation in endosperm size and there was evidence that gene S affected the latter.
4. Aberrant ratios associated with the use of Burnetholm as pollen parent were due to other causes. They were improved by dilution of the pollen which probably reduced competition between pollen tubes of alternative genotype.
